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NATIONAI ADVISORY COMMITTEE FOR. AERONAUTICS 

ADVANCE RESTRICTED REPORT 

COMPARISON OP WIND- TUNNEL AND PLIGHT MEASUREMENTS 
OP STABILITY AND CONTROL CHARACTERISTICS 
OF A DOUGLAS A-26 AIRPLANE 
By Gerald G, Kayten and William Koven 

SUMMARY 


Stability and control characteristics determined 
from tests in the Langley 19-foot pressure tunnel of 
a 0, 2575-scale model of. the Douglas XA-26 airplane are 
compared with those measured in flight tests of a 
Douglas A-26B airplane , 

Agreement regarding static longitudinal stability 
as indicated by the e levator -fixed neutral points and by 
the variation of elevator deflection in both, straight and 
turning flight was found to be good except at speeds 
approaching the stall. At these low speeds the airplane 
possessed noticeably improved stability, which was . 
attributed to pronounced stalling at the root of the 
production Tiring. The pronounced root stalling did not 
occur on the smooth, well-faired model wing. Elevator 
tab effectiveness determined from model tests agreed well 
with flight-test tab effectiveness, but control-force 
variations with speed and acceleration were not in good 
agreement. Although some discrepancy was introduced by 
the absence of a seal on the model elevator and by small 
differences in the determination of elevator deflections, 
correlation in control-force characteristics Was also 
influenced by the effects of fabric distortion at high 
speeds and by small construction dissimilarities such as 
differences in trailing-edge angle. Except for the wave- 
off condition, in watch the tunnel results indicated 
rudder-force reversal at a higher- speed than the flight 
tests, agreement in both rudder-fixed and rudder-free 
static directional stability was good. Model and airplane 
indications of stick-fixed and stick-free dihedral 
effect were also in good agreement, although some differ- 
ence in geometric dihedral may have existed because of 
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wing tending in flight. The use of model hinge -moment data 
obtained at zero sideslip appeared to be satisfactory for 
the determination of aileron forces in sideslip.. Fairly 
good correlation in aileron effectiveness and control forces 
was obtained; fabric distortion may have been responsible 
to some extent for higher flight values of aileron force 
at high speeds. Estimation of sideslip developed in an., 
abrupt aileron roll was fair, but determination of the 
rudder deflection required to maintain zero sideslip in a 
rapid aileron roll was not entirely satisfactory. 


INTRODUCTION 


Although the qualitative reliability of wind-tunnel 
stability and control test results is generally accepted, 
very few opportunities, have arisen for determination of 
the quantitative agreement between measured flying qual- 
ities of an airplane and flying qualities predicted on 
the basis of model tests. 

In connection with the development of the Douglas A- 26 
twin-engine attack bomber, a series of investigations has 
been conducted at the Langley Laboratory of the National 
Advisory Committee for aeronautics. These investigations, 
the results of 'which have not been published. Included 
tests of a 0.2375-scale powered model of the XA-26 airplane 
In the Langley 19 -foot pressure tunnel and flight tests 
of an A-26B airplane . By use of the unpublished wind- 
tunnel data, calculations have been made predicting the 
flying qualities of the airnlane for correlation with the 
characteristics measured in the flight tests. The results 
of the correlation are presented herein; the flying qual- 
ities are not discussed except for the purpose of comparison. 


MODEL, AIRPLANE, AND TESTS 

Photographs and drawings of the A-26B airplane and 
the XA-26 model are shown as figures 1 and 2, respectively. 
In table I general dimensions and specifications are shown 
for the airplane and the model, as well as for the model 
scaled up to airplane size. Some discrepancies of neg- 
ligible importance are noted in this table but it can be 
seen that, with respect to general dimensions, the XA-2o 
and the A-26B are essentially the same airplane. As shown 
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in figure 1, the model during the stability and control 
tests was equipped with a. fuselage nose which was somewhat 
different from that of the airplane . The spinners shown 
on the model propellers were not used on the airplane, and 
the airplane oil-cooler ducts outboard of the nacelles 
were removed from the model wing during the stability and 
control tests with the exception of the aileron tests. 

Several more significant differences existed between 
the model and the airplane. During most of the tunnel 
tests the model rudder and the elevator, which were of 
the plain overhang -balance type, remained unsealed, but 
the airplane control surfaces were equipped with rubberized 
canvas seals. The control surfaces, all of which were 
fabric-covered on the airplane, were of rigid metal con- 
struction on the model. The airplane ailerons were equipped 
with balancing tabs arranged so that 8° of aileron deflec- 
tion produced approximately 3° of opposite tab deflection. 

On the model the balancing tab when connected moved 1° 
for a 1° aileron deflection. 

Thin metal strips were fastened to the upper and lower 
surfaces of the airplane elevator causing small ridges 
directly in front of the tab. These ridges were not 
represented on the model, but their effect on elevator and 
tab characteristics is believed to be negligible. 

The wind-tunnel program included a fairly extensive 
series of conventional stability and control tests. The 
model aileron tests were made at a Reynolds number of 
approximately 5«4 x 10 . The remaining model tests 
were made at a Reynolds number of approximately 3.6 x 10 b 
except for the tests at high thrust coefficients, which 
because of model motor limitations were made at Reynolds 
numbers reduced to approximately 2.6 x 106. The portion 
of the flight tests devoted to stability and control were 
of the type usually conducted by the NACA for the purpose 
of determining the flying qualities of an airplane. The 
weight of the airplane, which varied from 27,000 to 31,000 
pounds in the flight tests, was assumed for the analysis 
of the tunnel data to be 2o,000 pounds corresponding to a 
wing loading of 51.8 pounds per square foot. The analysis 
was based on an altitude of i 0,000 feet, which represented 
an approximate mean of the flight-test altitudes. 

Analysis of the tunnel data has been made for condi- 
tions representing airplane rated power and 75 "P erCwn 't 
rated power at the appropriate airplane weight and altitudes 
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and for a gliding flight condition. In representation of 
the gliding flight condition, it has been assumed that 
engines-idllng and zero-thrust conditions may he considered 
Identical. Any discrepancy in results introduced by the 
difference between these power conditions probably will 
be small . 

In comnuting elevator, aileron, and rudder control 
forces from model hinge -moment data, the corresponding 
control linkages measured on the airplane were used. 


COEFFICIENTS AND SYMBOLS 


Se 

Of 

St 

Ch 

V I 

?e 

T c 

pb 

2V 

Ct, 


elevator' deflection, degress 
flap deflection, degrees 
tab deflection, degrees 
hinge-moment coefficient ( - 


H 


,qhc 2 y 


indicated airspeed, miles per hour 

elevator control force, pounds 

/ T \ 


thrust coefficient 


)V2d 2 ) 


wing-tip helix angle, radians 


lift coefficient ( 

\ qs 


\ 

■; 


whe re 


H hinge moment, foot-pounds 

b wing span, feet 

c root-mean-square chord, feet 

q dynamic pressure, pounds per square foot 
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p mass density of air, slugs per cubic foot 

V airspeed, feet per second 

T total thrust (two propellers), pounds 

D propeller diameter, feet 

p rolling velocity, radians per second 

S wing area, square feet 

a angle of attack, degrees 

a, tail angle of attack, degrees 

g acceleration of gravity, feet per second per 

second 

RESULTS AND DISCUSSION 
Longitudinal Stability and Control 


Curves of elevator angle and elevator control force 
required for trim in straight flight throughout the speed 
range are shown in figure p. '/arious flap and power 
combinations are considered at three center-of-gr avity 
locations. For the f laps-retracted conditions, the tunnel 
control-force curves were obtained by applying the tab- 
effectiveness data of figure Iq to the tab-neutral curves 
estimated from the tunnel hinge -moment data. Tne amount 
of tab deflection required to adjust the tunnel curve for 
trim at the flight-test trim speed was determined for each 
rower condition and center-of-gr avity location, and this 
amount of tab deflection was assumed constant throughout 
the speed range. Inasmuch as model trim-tab tests were 
not made with flaps deflected, the trimmed control-force 
curves for this condition -were obtained by means of a 
constant adjustment to each original curve of 
against C T . This constant hinge-moment shift is believed 

justified because the data of figure 1+ indicate a negli- 
gible change in tab effectiveness with change in power 
(flaps retracted) and because analysis of stabiliser- 
effectiveness data Indicates that the variation In 
average dynamic-pressure ratio with speed is small for 
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the f laps-def lected condition. The f laps-def lected . 
control-force curves for zero trim tab are included in 
figure J. 

The sideslip required for straight flight at low 
speeds was considered to have a negligible effect on the 
longitudinal characteristics of this airplane ; hence, the 
characteristics determined from tunnel data are based on 
tests at zero sideslip. 

The variation of tab effectiveness with speed has 
been calculated from f laps-retracted wind-tunnel tests 
made at elevator-tab settings of 3° and -3° with 6 e = 0° 
and is shown in figure L. compared with the flight-test 
curve . 

Elevator deflections and control forces in steady 
turning flight are shown in figures 5 to 7 for various 
center-of -gravity locations. The calculated results are 
based on tunnel tests at the thrust coefficient approxi- 
mately corresponding to the appropriate flight-test 
conditions . 

Although some small differences exist in the absolute 
elevator angles, the slopes of the curves in figures 3? 5> 
and 7 show good agreement between tunnel and flight results 
for both straight and turning flight, except at speeds 
close to the stall. At these low speeds, the flight data 
show pronounced increases in the amount of up-elevator 
movement required for speed induction in straight flight. 
These marked increases are not apparent in the tunnel data. 
This discrepancy in results is believed due largely to the 
fact that the production airplane exhibited a decidedly 
more definite stall at the wing root than did the smooth, 
polished model. Although direct comparison of identical 
configurations is not possible, the difference in stalling 
characteristics at the wing root is indicated by the dia- 
grams of tunnel and flight-test tuft studies shown in 
figures 8 and 9* The more pronounced root stalling on 
the airplane would, in all probability , be accompanied by 
a reduction in downwash and rate of downwash at the hori- 
zontal tail as well as a decrease in wing pitching moment, 
resulting in an improvement in stability and requiring 
greater up-elevator deflections for trim. At higher air- 
speeds the agreement between flight and tunnel results is 
reasonably consistent with the experimental accuracy of 
both. 
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The tunnel and flight curves of elevator-fixed neu- 
tral point plotted against airspeed in figure 10 for the 
f laps-neutral conditions agree to within approximately 
2 percent of the mean aerodynamic chord except at low 
speeds with idling power. This difference is practically 
within the bounds of the experimental accuracy with which 
the flight and the wind-tunnel neutral points are deter- 
mined. The discrepancy increases with reduced airspeed 
as the airplane demonstrates comparatively greater stability. 
Because of the difficulty in obtaining consistent neutral- 
point results, particularly at very high airspeeds, neutral 
points were not determined for these speeds. The curves 
of figure 3 serve as a measure of the stability in the 
high-speed range and are, in. fact, believed more reliable 
for comparison throughout the speed range than the neutral- 
point curves. Although the curves for the f laps-def lected 
conditions are included for completeness, direct comparison 
should not be made inasmuch as the flap settings used in 
flight and tunnel tests were not identical. 

Examination of the straight-flight control-force 
curves of figure 3 reveals comparatively poor agreement 
between tunnel and flight results. The force measurements 
shown in the tab-effectiveness curves of figure I4., however, 
are in excellent agreement. Both flight and tunnel control- 
force measurements are believed to be accurate to within 
approximately +3 pounds. Although some discrepancy in 
the elevator control-force curves of figure 3 would be 
expected because of the absence of a seal on the model 
elevator, analysis based on brief check tests in which the 
model elevator was sealed indicated that differences of 
the magnitude shown in figure 3 cannot be attributed to 
effects of the elevator seal. In an effort to determine 
the cause of the disagreement, the effects of the discrep- 
ancies in elevator deflection were investigated. Hypo- 
thetical control forces were computed from tunnel hinge- 
moment data by using the values of elevator deflection 
determined from flight rather than those determined from 
tunnel data. For these computations, the wind-tunnel tab- 
effectiveness data were used, but the tab deflection was 
that employed in the flight tests. The curves obtained 
in this manner are shown in figure 11 compared with the 
flight-test data. In general, agreement in figure 11 
appears considerably improved; for several flight con- 
ditions, in fact, agreement is excellent up to speeds 
above 200 miles per hour, beyond which the flight-test 
curves become noticeably more stable. This difference 
may be explained to some extent by the observations of 
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elevator-fabric distortion and internal pressures made 
during the flight tests. The internal pressures .were 
found to be only slightly higher than free-stream static 
pressure, causing fabric distortion of the type illus- 
trated in figure 12. As demonstrated in reference 1, 
elevator-fabric distortion of this type may be expected 
to produce increases in the variation of force with 
airsneed at high speeds. Inasmuch as the flaps -retracted 
flight-test trim speeds of figure 3 are all in this 
high-speed range, the trim-tab ,.def ie..ct,.ip£is i required to 
trim the control forces coraouted from tunnel data are 
different from the tab angles used in flight, and the 
control forces originally computed from tunnel data 
(by using the amount of tab deflection required for zero 
force at the high-speed flight trim point) could not be 
expected to agree well with the flight control forces. 

The lack of agreement in the original results was 
further aggravated by the elevator-deflection differ- 
ences at low speeds, caused by the root stalling effects. 

In addition to the effects of elevator-deflection 
differences, fabric distortion, and elevator gap, agree- 
ment in the control-force results Is believed to be 
Influenced by small but significant construction discrep- 
ancies as, for example, differences in surface condition 
and in trailing-edge angle. At a representative section 
the trailing-edge angle measured on the model elevator 
was 12.7°, whereas the corresponding angle, measured on 
the airplane was 11°. N one of these effects would be 
expected to influence appreciably the agreement in tab- 
effectiveness results. 

As seen in figures 6 and 7> the flight tests show 
considerably greater variations of control force with 
acceleration, and the values of force per g show con- 
siderably greater variation with center-of -gravity 
location, although the -elevator-free maneuver point 

P 

— = 0 is approximately the same. Because the 'absence 
g 

of an elevator seal was believed to be more significant 
in accelerated flight than in straight flight, control 
forces were estimated for both tne sealed, and the unsealed 
elevators by assuming constant pitching -moment and hinge- 
moment slopes and using the sealed-elevator hinge -moment 
data obtained in the previously mentioned check tests. 
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The respective values of 6 Ch/d 6 e and dCh/^t used 
in these computations fere - 0.0057 and -0.0013 for the 
'unsealed elevator and - 0 .Q 050 and - 0.0032 for the sealed 
elevator. The resulting curves of force per g against 
center-of --gravity location are shown, in figure 15 . ~ The 
curve for the unsealed elevator is practically identical 
with that previously determined for the unsealed 
elevator (fig. 7 ) -by the method of reference 2. For the 
sealed elevator the values of force per g are still 
very much lower than the flight-test values, although 
the variation of ' F e /g with center-of -gravity location 
is more nearly parallel to that determined in flight. 

The comparison of cpotrol forces in accelerated flight 
has been made at a fairly high speed. Reference 1 
indicates that fabric distortion of the type experienced 
in the A-26 b flight tests be expected to produce 
increases in the variation of force with acceleration 
in the normal center-of -gravity range and in the 
variation of force per g with center-of -gravity 
location. This comparison as well as that for straight 
flight would also be influenced by any differences in 
control-surface construction. 

Agreement in the curves of elevator-free neutral 
point against airsp-eed (fig. 10 (c) ) is rather poor and 
becomes worse as the soeed increases. The flight-test 
elevator-free neutral point moves rapidly rearward 
with increasing speed, and at high speeds the airplane 
appears more stable with elevator free than with elevator 
fixed. It is believed that this large rearward shift 
in the elevator-free neutral point with increasing air- 
speed may be a result of the fabric distortion. 

In general, the present correlation indicates that 
successful prediction of elevator control-force charac- 
teristics from wind-tunnel data can be made only if 
extreme care Is used in representing closely the air- 
plane in its construction form - particularly with regard 
to. the control surfaces. Agreement with flight 
measurements might also be improved considerably if 
effects such as fabric dis-tortion could be taken into 
account. A more beneficial solution, however, would 
be to minimize these effects in the construction of 
the airplane. 
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• Lateral Stability and Control 

Ste ady .sideslip ch ar acteristics .- Characteristics 
of the airplane in steady sideslips, which are used 
as flight-test measures of directional stability, 
directional control, dihedral effect, side-force 
characteristics, and pitching moment due tc sideslip, 
are shown in figure lip. Although complete hinge -moment 
data for the model ailerons and elevator were not 
obtained in sideslip, aileron forces in sideslip were 
estimated from the tunnel data by taking into account 
the change in effective angle of attack due to sideslip 
but assuming no direct change in aileron hinge-moment 
characteristics with sideslip. 

For both idling and rated-power flight with flaps 
retracted, figure lL shows excellent agreement in the 
variation of control settings, angle of bank, and rudder 
force with sideslip, although some difference exists 
in absolute values. Some of the difference in absolute 
values may be due to the fact that model tare tests 
were not made in sideslip. It Is especially interesting 
to note the close agreement in the variation of aileron 
angle with sideslip, v/hich serves as a flight-test 
indication of dihedral effect. ' It was found in the 
flight tests that the airplane wing in normal flight 
appeared to bend upward noticeably with respect to Its 
position at rest. Despite the wing bending, however, the 
amount of effective dihedral determined from flight 
tests was also found to be no greater than that which 
would ordinarily be expected for an airplane of this 
type with Ip. 5° of geometric dihedral. Analysis of the 
elastic properties of .the model wing under load indicates 
that the model wing bending was negligible. On the basis 
of the agreement between model and airplane results, 

It appears that the observed airplane wing bending may 
have had very little effect in Increasing the dihedral 
effect beyond the normal amount for ip. 5° of geometric 
dihedral. Further information regarding the elastic 
properties of the airplane wing and the effects of 
these properties would have been desirable but was 
not available. Comparison of the flight and tunnel 
aileron-force curves appears to indicate that little 
error was introduced in determination of the latter by 
the assumotion that aileron hinge-moment characteristics 
remained unaffected by sideslip. The sideslip charac- 
teristics with flaps deflected do not agree as closely 
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as do the f laps-retracted characteristics, particularly 
in the case of the aileron-deflection and rudder-force 
variations. The flight-test rudder forces show a tendency 
toward reversal in figure lif(c) hut do not actually 
reverse as in the case of the model forces. At an 
airspeed slightly lower than that for which' the data 
are presented, however, rudder-force reversal did appear 
in the flight tests in this wave-off condition. 

Dihedral effect with flaps deflected and rated power 
at low speed appears somewhat lower in the tunnel 
measurements than in the flight data. The flap deflection, 
nowever, was 5° greater on the model than on the air- 
olane . 


In figure 15 , rudder hinge-moment characteristics 
estimated from flight-test rudder kicks are compared 
with rudder hinge-moment characteristics measured in 
the tunnel tests with flaps retracted. Although the 
model rudder hinge-moment and force results are for an 
unsealed rudder and are also subject to effects of small 
surface and trailing-edge irregularities as in the case 
of the elevator results, agreement In this respect is 
good. As previously shown in figure lip , the rudder 
forces in steady sideslip are in good agreement for 
this flap condition. In regard to rudder hinge moments, 
the tunnel results, which showed no positive values of 
the parameter dCja/da- for the rudder, indicated that no 
rudder snaking would occur in flight. This indication 
was confirmed in the flight tests. 


Aileron characteristics .- No tunnel tests were made 
to Investigate aileron characteristics for the ^>:8 tab 
linkage with which the airplane was tested. If, however, 
linear tab effectiveness is assumed, these characteristics 
for the f laps-retracted condition can be estimated from 
the results of tunnel tests of the plain ailerons and 
the ailerons with a 1:1 balancing-tab ratio. Estimates 
of control force and helix angle made in this manner 
are compared with flight measurements in figure lb for* 
Indicated airspeeds of 1J5 and 383 miles per hour. 

As recommended in reference 2, helix angles were 


, . , . pb 0.8c 1 

estimated as — = 


2V Ci p 

rolling -moment coefficient 
used as the damping -moment 


where ,C j is the total aileron 

and a value of 0.57 was 
coefficient Although 
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the angles of attack selected for these estimates 
correspond to rated-power flight at the appropriate 
speeds, the model aileron data were obtained in power- 
off static tests. Inasmuch as the tunnel measurements 
were made for right rolls only, the tunnel estimates 
are exactly symmetrical for right and left rolls, 
wnereas the flight results are not. Agreement in the 
curves of helix angle is excellent in the range where 
comparison was possible. There is, however, some 
indication that the tunnel estimates, based on the 
arbitrary 0.8 factor, might be slightly optimistic for 
high deflections at high speed. At the low airspeed, 
agreement in the force curves is good except at the 
highest aileron deflections, where the control forces 
for given aileron deflections are slightly higher in 
the flight records than in the tunnel estimates. At 
the high speed, the control force required in flight 
for a total aileron deflection of li|° is approximately 
IpO pounds (or 38 nercent) greater than the force 
Indicated b;/ the estimated curve. The greater dis- 
crepancies in the control forces at the high speed are 
believed largely due to the effects of aileron fabric 
distortion. As in the case of the elevator, the 
aileron fabric was found In the flight tests to undergo 
considerable distortion at this high speed. The 
distortion was in a direction to produce higher control 
forces. 

If the assumption of linear tab effectiveness is 
not entirely valid, actual wind-tunnel tests with a 
5:8 tab linkage would indicate the control forces 
somewhat lower than those estimated herein for the 
5:8 linkage at the higher deflections. 

Sides lip due to aileron deflection.- Curves of 
sides lip angle and rolling velocity again s t t ime in 
an abrupt rudder-fixed aileron roll out of a 30° banked 
turn are shown in figure 17. In addition to the simpli- 
fied sideslip estimate of reference 2, the motions have 
been calculated by the operational method of reference 3 
and also by the tabular-integration method of reference Ip, 
in which slope variations in the curves of rolling- 
moment, yawing-moment, and side-force coefficients 
against angle of sideslip are taken into consideration. 
This method of tabular integration has been shown In 
reference I), to be more reliable for general use than 
methods requiring the assumption of constant slopes. 
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For the subject airplane, which exhibited essentiall 
constant slopes , the three methods of computation based 
on wind-tunnel results appear to give very similar 
results with respect to maximum sideslip angle, all of 
which are approximately I4. 0 higher than the flight-test 
value. Among the factors possibly contributing to the 
lack of perfect agreement is the difference between the 
instantaneous control deflection assumed for the compu- 
tations and the actual control movement in the flight 
test. Another factor influencing- the results may be the 
chance in normal acceleration experienced by the airplane 
In its roll out of the turn. Although no flight record 
of normal acceleration was obtained for the test in 
question, similar flight-test results indicate that a 
considerable variation may have occurred during the 
maneuver. Analysis indicates that the change in normal 
acceleration and, consequently, lift coefficient may 
introduce conditions considerably different from those 
considered in the theoretical calculations. 

A simple static estimate of the amount of rudder 
deflection required to maintain zero sideslip in an 
aileron roll was made as suggested in reference 2 ; that 
is, it was assumed that the desired rudder deflection 
would be that required to counteract the combination of 
aileron adverse yawing moment and yawing moment due to 
rolling. The estimated value obtained by this method was 
approximately 8 ° for f laps-retracted flight with level- 
flight power at an indicated airspeed of lip 5 miles per 
hour. Although no flight-test data were recorded for 
full-aileron rolls at this flight condition in' which 
zero sideslip was maintained by means of varying rudder 
deflections, flight-test records for constant rudder 
settings indicate that the rudder deflection estimated 
from tunnel results would be noticeably lower than that 
required in flight. Por several rolls with Partly 
deflected ailerons, however , essentially zero sideslip 
was maintained, and the estimated rudder deflections 
were found to be in fair agreement with the maximum 
deflections required in flight. 


G ON CL LTD IN G RED ARKS 


Stability and control characteristics determined 
from Langley 19-f oot-pressure- tunnel tests of a 
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0. 2375-scale powered model of the Douglas XA-26 airplane 
have been compared with results of flight tests of a 
Douglas A-26B airplane . 

The significant results of the comparison may he 
summarized as follows : 

1. Good correlation was obtained regarding elevator' 
fixed neutral points and the variation of elevator 
deflection in both straight and turning flight except at 
speeds approaching the stall. At these low speeds 

the airplane showed a distinct improvement in stability 
not indicated by the model tests. The difference was 
attributed to the fact that the pronounced stalling at 
the root of the production airplane wing did not take 
place on the smooth, well-faired model wing. 

2. The variations of elevator control force with 
a if speed and acceleration were not in good agreement. 
Although some discrepancy was introduced by the absence 
of a seal on the model elevator and by small differences 
in absolute values of elevator deflection, the corre- 
lation in control-force characteristics was also 
Influenced by the effects of fabric distortion at high 
speeds and by small construction dissimilarities such 

as differences in trailing-edge angle. 

3. Elevator tab effectiveness as determined from 
tunnel data was in good agreement with flight-test tab 
effectiveness . 

if. Agreement in both rudder-fixed and rudder-free 
static directional stability was good except in the 
wave-off condition, in which the model tests indicated 
rudder-force reversal at a higher speed than the flight 
tests . 

5* Model and airplane indications of stick- 
fixed and stick-free dihedral effect were in good 
agreement, although some slight difference in geometric 
dihedral may have existed because of wing bending in 
flight. The use of model hinge-moment data obtained at 
zero sideslip appeared to be satisfactory for the 
determination of aileron forces in sideslip. 

6. Fairly good correlation in aileron effectiveness 
and control forces was obtained. Fabric distortion was 
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believed responsible to some extent for higher flight 
values of aileron force at high speeds. 

7 . Estimation of sideslip developed in an abrupt 
aileron roll was fair, but determination of the maximum 
rudder deflection required to maintain zero sideslip 
in an abrupt roll was not entirely satisfactory. 

On the basis of these findings, it appears that 
agreement between stability and control characteristics 
estimated from wind-tunnel results and those measured 
in flight cannot be completely satisfactory unless 
Certain factors now usually neglected in wind-tunnel 
testing can be taken into consideration. These factors 
involve small differences between the model and the 
airplane and include differences in elastic properties, 
surface finish, and construction accuracy. These factor 
should be considered, if possible, in future investi- 
gations . 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE I 


GENERAL DIMENSIONS AND SPECIFICATIONS 


Item 

0.2375 -so ale XA-26 

Full scale based on 

Full-scale 

model 

0.2375“ s oale model 

A- 26 B 

Wing! 

30 A 88 



Area, sq ft 

540.510 

540.0 

Span, ft 

16.676 

70.22 

70.0 

M.A.C., ft 

1.930 

8.13 

8.13 

Geometric aspect ratio 

9.08 

9.08 

9.07 

Taper ratio 

0 . 1 f 53 

0.455 

0.45 

Sweepback of L.E., deg 

1.90 

1.90 

1.90 

Incidence, root, deg 

2 

2 

2 

Incidence, tip, deg 

1 

1 

1 

Dihedral, deg 

U -5 

4.5 

4.5 

Airfoil section, root 

NACA 65 ( 2 l 6)-215 
(a=0.8, b=1.0) 

NACA 65 ( 2 l 6)-215 
(a=0.8, b=1.0) 

NACA 65 ( 216) -215 
( a=© . 8 , b=1.0) 

Airfoil section, tip 

NACA 65(2l6)-ai5 
( a=0 . 5 , b=1.0) 

NACA 65 ( 2 l 6)-215 
( a=0 . 5 , b=1.0 ) 

NACA 65 ( 216) -215 
( a=0 . 5 , b=1.0) 

Wing flaps (double slotted): 

5.154 



Area (behind hinge line), sq ft 

55.91 

55-9 

Ailerons : 




Area (behind hinge line, total of two 




ailerons Including tab3), sq ft 

1.536 

27.23 

27.2 

Span, ft 

2.59, 

10.92 

11.0 

Balance-tab area, total, sq ft 

0.134 

2.38 

2.5 

Horizontal tail; 




Span, ft 

5.587 

22.68 

22.69 

Area, including fuselage, sq ft 

6.549 

116.10 

116.10 

Incidence, deg 

0 

0 

0 

Dihedral, deg 

10.58 

10.58 

10.60 

Elevator area (behind hinge line), sq ft 

1.842 

52.66 

52.7 

Balance area, sq ft 

0.581 

10.30 

10.3 

Trimming-tab area, total, sq ft 
Distance elevator hinge line to 

0.146 

2.58 

2.6 

25 percent M.A.C. of wing, ft 

7-127 

50.06 

50.05 

Vertical tail: 

4.05 



Area (excluding dorsal), sq ft 

71.55 

71.55 

Rudder area (behind hinge line), sq ft 

1.30 

23.12 

25.1 
' 2.28 

Trimming-tab area, sq ft 

0.13 

2.28 

Height above top of fuselage, ft 

2.575 

10.00 

10.0 

Propeller; 




Diameter, ft 

2.97 

12.58 

12.50 
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Figure 1.- Three-quarter front views 'Of Douglas A-26 airplane 

and model. 


Fig. la 



(b) 0.2375-scale model of XA-26 airplane mounted in Langley 

19-foot pressure tunnel. [2 


Figure 1.- Concluded. 


o' 
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Figure 2. - ~Three-v/ew drawings of a Douglas A~26 airplane and model. 
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Dimensions are those of the 0.2.375 -scale model 
converted to airplane size 



I b ) 0 .2375- scale model of Douglas XA~26 airplane. 

Figure 2r Concluded. 
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(a) Flaps refracted • rated power. 

Figure 3. - Variation of elevator deflection and control force w/th indicated airspeed. 
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Figure 3. -Continued. 
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Elevator control force, F e , lb 
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Figure 3.- Continued . 
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Push Elei/ator control force, F e , lb Pul/ 
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Figure 3. -Concluded . 
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Fig. 4 
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Figure 4. - Variation of elevator tnm-tab 
effectiveness with airspeed . 



Elevator control ang/e } S €9 deg 



Figure 5- Variation of elevator deflection with normal acceleration 
in steady turns . I 260 miles per hour of / 0^000 -foot altitude-, 
6f=0 ° j rated power . 


NACA ARR No. L5Hlla 


Change m elevator control force. Ho 



Figure 6 - Variation of elevator control force w/ff> normal 
acceleration in steady turns. Vp 260 miles per hour 
at /OjOOO- foot alt/tucfe ; = rated power. 



Fig, 7 
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Center-of- '-gravity location, percent MAC 


Figure 7. -Variation of elevator control-force and deflection 
gradients with c en ter-of-gravi tg location. Vy 260 miles 
per hour af 1 0^000- foot altitude 5 pO rated power} 
steady turning flight. 
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Stalled 


Figure 8.- Diagrams of stall progression in the gliding condition. 
Engines idling; flaps and landing gear up; cowl flaps closed; 
oil cooler one-half open J Douglas A-26B airplane. 
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Fig. 10a 
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Figure 10 -Variation of neutral po/nt w/th airspeed 

in straight flight. 
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Figure /Or Continued. 
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Indicated a/rspeed ) V l} mph 
(c) Elevator free * flaps neutral. 
Figure 10- Concluded. 
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Push Elevator control force , Fk, it Pull 


Fig. 11a 
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In cheated at rep e ed, Vp mph 
(a) FI ape retracted ) rated power . 


Figure i ! -Variation of elevator control force with 
indicated airspeed \ Model elevator and tab deflec- 
tions identical with flight-test settings. 
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Fig. 11b 



100 140 180 220 260 300 

Indicated airspeed, mph 
(b) Flaps retracted; 1-5- percent rated power. 


Figure II.- Continued. 



Push Elevator control force, Fq, fb Pull 


Fig. 11c 
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Indicated airspeed, V 6 -, mph 
ip) Flaps retracted-, T c = 0 . 


Fqure II. -Concluded. 
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<2enter-of-qrav/ty location, percent M.A.C. 
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Figure !3 -Von of /on of elevator con fro/ -force gradient w/th 
center-of- gravity location estimated for sealed and unsea/ed 
elevators. Vg 260 miles per hour at /OjOOO-foot attitude; 
6 f =0 ; rated power; steady turn/ng ft/ghr 
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Fig. 14a 
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(a) Flaps retracted j rated power; Vr 141 /rules per hour. 


Figure 14. - Steady sideslip characteristics. 





Fig. 14b 
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6b) Flaps retracted-, T c ^O ■, Zp 133 miles per hour. 
Figure 14 -Continued. 
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Fig, 14c 
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Figure 


(c) Flaps deflected ; rated power ; 1 /rill miles per hour. 
14.- Concluded. 






Change m hinge-moment coefficient 



Fiqure 15. - Variation of rudder hmqe-moment coefficient with rudder deflection 
and angle of sideslip at Zp 140 miles per hour, F/aps retracted . 
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Helix angle, pb/2V , radian Chanqe in aileron wheel force, lb 

Left . Right 
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Fig. 16 


4 





Left Chanqe in total aileron angle, deg R/ght 


Figure 16. - Variation of aileron wheel force and helix 
angle pb/ZV with chanqe m total aileron angle m 
rolls with rudder fixed, flaps retracted, and rated 


power. 
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J idesl/p angle , deg Rolling velocity, radian per sec 


Fig. 17 
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Flight 



dime rpr national advisory 
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Figure 17 - Rolling velocity and sideslip during aileron 
roll out ot 30° banked turn. 6 f =o ° • Vi =145 miles per 
Pour at 70,000 -foot altitude-, level flight power. 




